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INTRQBtJenGN TO THE PROBLEM 



THE COMPUTER IN SOC T ET^^ TODAY AND TOMO RROW 

Compaters hold great potential for increasing the options, productivity, and 
participation by individaals with disabilities in industry and society. Computers alsb^ 
however, have the potential for becoming ffie^i^est new fiandicip disabled pengnni^ 
will ever face: 

Many special computer programs have been written for individuals experiencing 

handicaps. These include programs to allow blind individuals to auditorially process 
tex^ translate text into Braill^ and tractate Braille back into text; programs to help 
deaf individuals leam sign language or better understand how to move their vocal 
mechanisms in speech (by displaying cut-away views of the induth during speech); and 
programs to allow physically handicapped individuals to write, speak, and control 
devices in their environments. It is clear that with these programs^ we can use the 
computer as a component or core of a special assistive device. In this role, the 
development of the computer has been nothing biit a benefit to persons with 
disabilities. 

There is a second role, however^ that the computer will play in the lives of 
disabled persons, l^at is the same role as it plays and will play in everyone's life. 
Computers are becoming jjart of the curriculum in our educational system at an ever- 
increasing rate. Soon there will be computers in all classrooms, and they will be used 
as routinely as chalk and blackboards are todaj^ Similarljr, employers will be making 
more and more extensive use of computers in all aspects of employment. Even in 
daily life, we may soon be able to do most of our ordering and bill-paying using 
computers or data terminals from bur homes. In all of these case^ however, the 
software is being written to be operated by individuals who have use of all senses and 
fiiigen. As such, they are for the most part unusable by many individuals who have 
physical disabilities. 

TWO ROfcES 

Thus, we can see that we have two roles that computers will play in the lives of 
disabled persons: 1) as a special assistive device, running special software to meet 
particular needs of disabled persons, and 2) as one of a large number of different, 
standard computer systems ruhhihg standard software that will be encountered in 
daily life. It is this second role that is the focus of this document If we cannot 
identify or develop a mechanism that will allow a disabled person, with his or her 
special, adaptive equipment, to be able to access and use the standard: nnmndified 
computers and software systems t hat he will encbu nfer in daily l ife, then individuals 
with these disabilities will be unable to p articinate in anv activities, educattnnal 
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programs, and employment settings that involve oi require any use of o^^fec^s-ta 
computef systems. Since we expect that this will include most regular educational and 
employment settings by this would be a very serious situation. 

eORBGCTS AND COMPUTERS 

The objective of this cooperative effort with industry is to identify lowHCost and 
ncHX>st methods for providing access to standard computer hardware and software 
systems so that individuais with disabiltticss will be able to use their dwii specialized 
interface and display aids to access standard computer and standard software systems. 
Morebvei^ initiative is being taken at this time, and pursued with great earnest, so that 
these access strategic^ can be incorporated into standard computer architecture as 
early in the game as possible to avoid the high cost of retrofit later. The situation can 
in some ways be compared to curbcuts. We are currently in the process of moving 
toward an electronic information based society. In the process, electronic pathways 
are being laid throughout our society ^ pathways that could tremendbusly increase the 
functional mobility, capability, and productivity of individuais with physical and 
sensory disabilltiaL All of these electronic information pathways, however, will be of 
little use if access to them is not evaiiabie. Patching one or two access points on a 
couple of isolated computers (or just for the disabled user's personal computer) is not 
sufficient; any more than putting curbcuts .or rainp$ on one or two sidewalks in a city 
(of just the sidewalks bh the disabled use?s block) would be sufficient. The objective 
of this cooperative effort is to begin talking about '^computer curbcuts** before all of 
the "Sidewalks" have been laid and the curbs poured. 

These access strategies under development bear a second interesting similarity to 
curbcuts that they are general-purpose open access strategies that are likely to be 
of as much value to nbn-disablcd individuals as to disabled individuais. It has been 
estimated that for every single disabled person who uses a curbciit^ there are ten able- 
bodied cbla delivery penbns, children (or adults) on bicycies, or elderly citizens with 
shopping carts who use the same curbcut Similarly, the bpen access strategies 
necessary to allow penons with disabilities to input to and receive information from 
standard computer and informatibh processing systems will be of benefit to a large 
portion of the non-disabled market as well 
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Tr^crc are many ways of grouping individuals with disabilities. The fbilowing 
categorization is used in this report to facilitate discussion of the ramifications of 
computer/software design and sblutibh strategies, 
i. Movement Disabilities 

A. Restricted but normal motor (Le^ muscle) cohtrbi 

Neurological birth defects 
Spinal cord injury 

B. Weak or limited range of movement 

Spinal cord injury 
Brain trauma 

ALS (Amyotrophic lateral sclerosis (ton Gerhi^s disease) 
MS (Multiple sclerosis) 
MD (Muscular dystrophy) . 
Polio 

Orthopedic disorders 
G. interference with motor control 

IL Sensory Disabilities 

A. Visual impairments 

Acuity (low vision) 
Processing (perception) 
Color blindness 
Biindness 

B. Hearing Impairments 

Acuity (hearing loss) 

Processing 

Deafness 




IIL Cognitive Disabilities 

A. Learning disabilities 

B. Retardation 
€. Integration 

£>. Processing (dyslexia) 

MGVEMENf mSABTT.rrfFg 

For individaais with movement disabilities, it is the input mechanisnis (e.g^ 
keyboard^ micc^ etc.) to the computer that present the greatest problems. Also 
involved, but generally of less concern, are adjustments or other controls that may be 
on the computen or displays, in addition to difficulties in using the computer itself, 
individuals with movement disabilities may also have difficulty in manipulating many 
computer-reiated materials such as disks, printouts, etc. 

Individuals with weakness or mild to moderate movement disorders may be unable 
to iBe standard keyboards, but are often able to use adapted or miniature keyboards. 
Individuals with high spina! cord injuries (no control below the neck), as well as 
individuals with extreme interference or weakness of their motor control systems, are 
often unable to use a keyboard of any kind they arc, however^ able to use other 
special adaptive aids that could be used instead of the keyboard. 

These alternate input mechanisms include sip-and-puf f Morse code, voice 
recbgnitibn, scanhihg techniques requiring only the ability to activate a single switch, 
and eye-gaze keyboards that -type" when the individual simply looks at the 'Iceysf 
These interfaces exist commercially, but there is currezitly no way to allow them to be 
used instead of the standard keyboards on unmodified computers running standard 
software. (Computer can be individually modified with keyboard emulating 
interfaces to allow their use - see beio^) 

As newer interface technologies appear (mice^ touch screens, lightpens, touch 
pads), these problems take on new dimensions. Alternate access mechanisms need to 
be developed for all of these input approaches if individuals are to have access to 
standard educational, recreational, and productivity software. 

While physically disabled individaais have difficulties inputting to and controlling 
computers and software^ the sensbrially disabled experience their primary difficulties 
in getting information from the computer. 

Visual impairments fall into four general categories: 



1) visual acuity 

2) visual perception 

3) color blindness 

4) blindness 

People with ^aSUAL ACUITY impairments have difficulty seeing at a distance 
or close up; or focusing the image. These individuals have the greatest difficulty with 
the displays on computers (CRTs, tCDs, etc.). The small lettering on some of the 
newer keyboards, however, also poses a problem for individuals with limited visual 
acuity. With the aging of the computer-using population, problems in visual access 
will be of increasing concern. Availability of optibhal large-screen displays helps 
scniewhat with personally-owned system^ but does little for the larger problem of 
access to computers in public^ educational, and employment settings. 

VISUAi PERCEFFIbN PROBLEMS are the problems faced by individuals 
whose eyes focus well, but who have visual processing dif ficuities that make it 
difficult cr impossible to handle printed iiifdnnatibn or complex displays. This is 
more of a software design issue than a hardware or sj^tem access issue. Simpler, 
larger displays may help on systems to be used for the public, as would some of the 
sbluribh strategies for totally blind individuals. 

COLOR BLINDNESS will pose increasing problems as color displays are 
increasingly used. This, too, is largely a software question^ although alternate display 
options^ could be of benefit The problem is best addressed by careful selection of 
colors which appear different in shads to color blind individuals, or through 
redundant cues. 

BLINDNESS, of course^ presents severe problems for using standard software, due 
to the high reliance of the software on the visual display of infdfinatibh. Alternate 
djsplay approaches (vbice and Braille, most notably) exis^ but usually cannot be used 
to access the screen imag<» produced by standard software withbut modifying tlse 
bperating system or the computer itself. Manuals and information on how to use 
these systems and software are usually nbt available in a form that is usable by blind 
individuals (.ig., in Braille or on disk). 

TTFAPTMT! TCTPATPKiiTrKTrc 
ruLAKimtj iivn*AiKfvii*,fN i& 

^ladividuals with hearing impairments are not currently at a great disadvantage 

when trying tc use standard software packages. Some warnings that appear only as 
sounds br tbn«5 are a problem. Warnings that are both visual and auditory generally 
arc not a problem - especially if the visual warning is difficult to miss. Some newer 
programs that use speech as output or to guide or assist the user do pbse a significant 
barrier when the infbrinatibn is hbt also provided in visual form (eg, on the screen). 
Public acce^ computer system developers (information systems, etc) may want to note 
that English is a secbnd language to many deaf individuals who communicate in 
American Sign Language (which is a totally different language from English^ 
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The problems of penions with disabilities in this area generally affect the design 
of software programs^ rather than the hardware or operating system architecture. 
Specific learning disabilities memory problem^ and retardation are examples of 
disabilities from this category. Each of these disability areas, however, is very distinct 
from the other^ and poses different constraints. Public access systems in particular 
inay want to consider the complexity of keyboards and vtsoai display^ memory 
requirements (on the part of the user), and the cognitive demands of their programs 
and systems. Clear, simple, step-by*^tep directions and documentation are important, 
as is the lack of clutter on screens. All of these measures also increase the ease of use 
of systems by the elderly and by the general public 
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(OR WHICH HAVE BEEN DEVELOPED TO b^TE\ 



There are currently a number of modifications and retrofit solutions that have 
been made to existing hardware and software systems to allow access by disabled 
persons. There are also a number of special interfaces that have been developed 
either for general communication purposes or specifically for accessing computers 
which can be used as alternate input and output systems for disabled persons> This 
section discusses some of the existing aids^ and how they can be used to access 
computers and standard software. Also discussed are limitations of these approaches. 

MbVEMENt P fSApTT^rp ES 




Many individuals are able to use a standard keyboard but do so with a single 
finger, a mouthstick, or a head-mounted stick. In all of these cases, the individual is 
able to hold down only a single key at a time. Many computer operation^ however, 
require that inrlividuals hold down two or more keys at the same time. The SHIFT, 
eDNTRQt, and ALTERNATE keys are the most common exainples of this, although 
other Jceycoinbinatib are used. To overcome tfa^s pfoblen^ a variety of mechanisms 
have been developed to hold down one key while the individual presises another. 
&>me of these mechanisms take the form of a weight that can be tipped onto the key 
to hold it down. Others are bi-stable -teeter-tbtter^-lilce latches, ©he end of such a 
latch is positioned over the key(Kg, the SHIFT key) Pressing on that cLkd causes it to 
snap down and hold the (SHIFT) key while the user types other keys. Pressing the 
other end of the teeter-totter latch releases the key* While this approach works well, 
it is incdnvenieht on computers that are also used by ncn-disabled users, since the 
latches must somehow b« attached to the computer^ and are in the way when the 
computer is used by hoh-disabled iseire. Another problem with the latch approach is 
that on many keyboards the keys that must be held down are in the middle of the 
keyboard, where it is difficult to attach a latching mechanisixL 

A second apprbach to solving this problem involves creating software 
modifications to the operating systems. This approach docs hot work with software 
that docs not go through the operating system for its Tccystrokes,** Also, each time the 
operating system is revised, the disabled individual must have a new Tix" prepared 
Fihally, as we move further into the information society, many disabled individuals 
will deal with a number of different cbmputere throughout the day. For this patching 
strategy to work, a fix- must be written, paid fbr^ and installed oh all of the 
computers with which the individual must deat This is usually not possible, physically 
or economically. Modification to the operating systeiii is also not permitted in many 
locations where an individual may need to use a computer. 
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Many of the newer computers have automatic repeat keys on their keyboards: 
While this may assist normal typist^ a number of individuals with more severe 
handicaps have difficulty with the spontaneous generation of extra characters due to 
the repeating feature. At the present time^ the only way to fix this problem on most 
computers is to make modifications to the operating system. For other computers^ 
however, the modifications must be done as "f ixe^" and suffer all of the problems of 
software fixa to the operating system that were disciissed above. 

ALTERNATE INPUT APPROACHES 

A wide variety of altcruate input approaches have been developed^ originally for 
specialized cbmmuhicatibh and writing systems for disabled individuals. These 
specialized input approaches allow individuals using a single switch, sip-ahd-puff 
control, eye gaze control, etc^ to use special communication aids. Some examples of 
these specialized interface aids are listed here. 

_ _ JI*hJL Ay'iPPQM communication aid that can interpret 

very erratic pointing^ motions q matrix of T squares. The aid has a 
bttilt-m display and printer^ as well as an output port 

The EXPRESS m is a special communication aid with several 

special input modes. One of the modes allows the individual to select 
letters and words from a 128^uare panel using a single switch. Rows 
of selections are illuminated^ one row at a tiine^ until the individual hits 
the^witch. llie mdiyidual ite in that row are then illuminated one at 
a time until the in^^^ thjs switch a second time. The item 

selected in tim fashion a then either put on the display, printed, 
spoken, or seat out along the serial output port Another mode of 
bperatibh bi this aid allows the individual to point directly to the items 
on the display panel using a special optical pointer mounted on the 
individiiars head. 

The EY^YP^ is a special interface keyboard that operates with 
eye^aziK The aid consist*- of a IT x 5* matrix squari^ or •^eys," 
and ^ special jcamer.-? proc«sqn As the individual looks at 

the keys, the image pi an tell which key the individual Js 

selecting. Tlie selected kc^o can then be shown on the aid's display or 
sent to another device. 



MORSE (X>pD Several devices are available that allow individuals 
using two^switch^ to send Morse code. Individuals with a high spinal 
cord injury can use quick sip-and-puff movements with their mouth to 
"type" using Morse code. 



UGinBEAM KEYBOARDS: Several special Iceybbards" are 
available that can be berated by simply pbihtihg tb the Tceys" with a 
beam of light Individuals with spinal cord injury, weakness, br 
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progressive diseases often use Hghtbeams attached to their heads to 
operate these keyboards. 

These and other interface techniques and aids caii be used with computers. 
Unfortunately, the output of these aids does not look like the output of the standard 
keyboards. As a result, these interfaces cannot be directly substituted for the standard 
keyboards on cbmputen. l^ey could be connected to the serial ports of the 
computers^ and used with social software expecting the input to come in via the 
serial port in order for th«c interfaces to be lisable with standard software, however, 
some mechanism must be provided to allow the output from the special aid to look 
like it is coming from the standard keyboard Keyboard emulating interfaces are one 
strategy for accomplishing this* 

KEYBOARD EMULATTNn Y N^FAf-PS 

In order to allow sfx^cial interface devices and communication aids to be used in 
place oHhc standard computer keyboards, small KEYBOARD EMULATING 
INTERFACE MODULES have been developed. These modules^ are capable of 
exactly imitating the signals that are sent but by a particular keyboard (e.g, the IBM 
PG keyboard, or the Apple He key boards These modules are designed to accept the 
output of the special interfaces and communication aids and convert the signals into 
precisely the rame electrical signals that the particular computer keyboard would 
generate. In this manner, ah alternate keyboard with these special interfaces can be 
t»cd instead of a computer's normal keyboard, since the computer is unable to tell that 
the keystrokes arc not coming from its normal keyboard. This approach allows the 
disabled individual to use iU of the standard keyboard-based software written for the 
computer without requiring any modifications to it Because the cdmpiiter cannot 
"see- that the keystrokes are hot coming from its normal keyboard this technique is 
referred to as a transparent access technique. In order to allow other hbn-disabled 
individuals to continue to use the standard keyboard, all of the keyboard emulatixjg 
interfaces also allow the normal keyboard to be plugged into them. Thus, all 
Tceystrbkes- received from either the norma! keyboard SL from the disabled person's 
special Tceyboard- ttt passed oh to the cbmputer as standard keyboard keystrokes. 

Although this approach does provide full transparent access to keyboard-based 
software^ it has several prbbleza and limitatibhs 

1) Individual keyboard emulatjng interfaces run about $400 each, and 
are usually specific tb a single computer model. 

2} Since any disabled individual is likely to run into multiple 
computers, sej>arate keyboard emulating interfaces must be secured for 
each computer. 




S) Each cdtnpiiter with a different keyboard requires a different 
keyboard emulating interface. Even different inbdels within the same 
computei^ line often have different keyboard^ and require different 
emulating interfaos^ The Apple n+ and the Apple He, for example 
eachi require different emulating interface^ as do each of the IBM PQ 
the PC jr, and PG-AT computers. 

^ As iiew computers are annbuhced, keyboard emiilatiiig interfaces 
must be djsiigned and made commercially available. This is a difficult 
and^ expensive proc^ y^ a m only the most popular models of the 
most popttiar computers have keyboard emulating interfaces available 
for them. 

^ Keyboard emulating interfaces are not currently available on all 
public access computers. 

(^Keyboard emulating interfaces often require custom installation. 

^1^P^^^^3PP^^^Bl{^_^^9^^ recreatidiial^ employment and 
public areas (K^iibran^j sre of ten under the charge of individuals not 
familiar with computer^ who are hesitant to include ''non-standard- 
adaptations." As a rjesul^ comptxters^that dkabled individuals will be 
encbuntering ioLvaribus areas will usually not include keyboard 
emulating interfaces unless they were a standard feature of the 
operating system. 

As cdmpiiters become an integral part bf mbre and more activities of daily living, 
the disabled individuai will run into more different types of computers in different 
ehvirbhments each day. The cost for him or her to outfit each computer with a 
separate keyboard emulating interface would be prbhibitive. In addition, many of the 
cbmputer systems either would not have keyboard emulating interfaces available for 
them, or would iidt allow the disabled individual to install such non-standard devices. 

OTHER TNPIJT TECHMTOTTFS 

in addition to keyboards, other input techniques are l/cing implemented bh a 
widespread basis. Perhaps the most common at the present time is the mouse. 
Although software packages using the mbiise often allbw some bf the commands to be 
done from the keyboarc^ there are some systems that are not usable if the individual is 
unable to use a mouse. To circumvent this prbblem^ several "mouse substitutes" have 
been deveibped. In one case, a long-range lightpen (one that can be used tip tb 7 away 
from the screen) has been programmed to emulate the signals of the Macintosh mouse. 
An individual can now cause the "mouse pbihter^ bn the screen tb move about by 
simply pointing with his head at the screen. In another case, the tipping of the head 
left, rights forward^ or backward is sensed by a special device that emulates the signals 
put out by the Macintosh mouse, as does an ultrasonic head operated mouse. Also 
under develbpment is a keyboard emulating interface with a mouse emulating 
interface included. This unit allows signals from special cdtninunicatibn aids and 
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alternate input devices (see above) to be used instead of the Macintosh's keyboard and 
mouse. 

In all of these case^ however^ special "ihbuse emulating** circuitry and adaptations 
needed to be developed in order to let non-mouse users access the Macintosh. This 
circuitry iniist be redesigned and redisseminated for each different computer and/or 
mouse system that comes out 

MANIPHfcATieN GF eO MPHTER MATT^RTAT 5S 

As discussed previousl]^ in addition to the need for alternate input devices 
physically handicapped individuals also often have difficulty handling computer 
materials such as disks and printouts. Special disk loading racks have been developed 
to held disabled individuals line up and insert disks into their drives. Iliere are 
problems, however, with those disk drives that have latches which are difficult to use 
unless one hai good manipulative capabiiities. Also, the location of the disk drives 
can create problems. The Apple IIc^ for example, has a latching mechanism which is 
particttlariy easy to use. Unfortunately, the disk drive is moiinted on the side of the 
computer^ which makes loading disks difficult for disabled individuals. 

For the more severely motor impaired individual^ mechanical disk loaders have 
been developed However, these units are quite expensive and so far have had low 
reliabiiit]^ 

The rapidly dropping cost of hard disks his made their use a particularly valuable 
approach for disabled individuals. Software, that is copy-protected, however, limite the 
ability of disabled individuais to use a hard disk to reduce disk handling requirements. 
Programs such as Microsoft^ Word, which allows a single copy to hard disk, are good 
example of a compromise that provides reasonable program security while still 
allowing the transfer of the program to a hard disk. 




The principle problem faced by visually impaired individuais is the output display. 
Other problems include the use of sight-based input systems (mice and other variable- 
origin or variable-reference systems)^ computer printouts, and documentation. 

The current solution strategies include: 

1) expanded displays 

2) Braille printouts and displays 

3) voice output 

^ avoidance of mouse-based ahdi other inaccessible programs 

EXPANDED DTSPLAYS 

For individuals with visual acuity problems (low vision), expanded displays are 
available. For individuals with only minor vision problems, the use of larger monitors 
(which results in larger letters) may be sufficient For individuals with more severe 
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vision problems, specially developed screen displays are available for many popular 
cbinpiiters (Apple, IBM, Tandy) that allow t&e user to zoom in on a speciai screen. 
Systems are available that can zoom iii so far that one character will fill the screen. 
Some of these systems allow the screen to be spiit between the video display of the 
computer screen aiid a second display taken from a camera aimed at printed material 
(books, etc.) that the individual might be using. These expanded ''zodm" display 
systems are accomplished by patching into the operating syste^ or through direct 
access to the screen memories in the varidiis computers. As such^ they must be custom 
developed for each computer and operating system. Although they do provide a 
solution approach for personal systems^ they would hot be a viable personal solution 
for accessing public computer systems in their current form. They also limit the 
choice of computers which ah individual with low vision could purchase and use, as 
they are only available for the most popular mcxlels of the most popular computers^ 
and are hot available for any computer until some time after their announcement 

-BRAILLE PRTNTOirrS ANMKPI.Ays 

Braille displays come in two forms: Braille printers and dynamic Braide displays. 

Braiiie printers are available that can provide embossed Braille printouts from 
standard computer terminals. The cost of th^e Braiiie printed is high ($15,(X)(>, prints 
100 ciiaracters/secondX although a lower cost modif icatibh to a hand Br^illef is 
available for $^^09 02 cfaaracten/secbnd). Braille printout can solve some of the 
problems regarding access to printed output It is not^ however, suitable for replacing 
the CRT dbpiajr» any more than a standard printer could be iised instead of a CRT for 
sighted individuals. 

To help meet the need for fast^ temporary display of Braille ihformatidn, dynamic 
Braille displays have been developed. These have small pins that can be raised and 
lowered electrically. There are currently several terminals that have between 20 and 
40 Braille cells in a line. Controls are used to move this "line" up and down a virtual 
screen image. Work is also underway on a large "full page" Braille display that would 
consist of 40 X 16 Braille cells or "characters." It may also be possible to use this panel 
for limited display of graphic information in tactile form. In its graphic mode, the 
resolution of this display would be 64 x 128 pins or pixels for a 10" by T display (which 
can be stacked at production time)L 

At the present timc^ only a small percentage of blind individuals read Braille. In 

addition, many blind individuals do not have sufficient sehsatibh in their fingers to 
learn Braille. For those who know and use Braiiie, this approach can be a very 
powerful and effective approach for text information. 

VGiee euTPHT 

To facilitate access to computer systems by a larger population^ including those 
not familiar with Braille, voice output approaches have been used With these 
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system^ an iDdividual is able to move a ''speaking'' or "reading- cursor around the 
screen^ and have it vocally read back the contents of the screen to the user. The 
cursor can be moved around in word or letter mode, and can read forward or 
backward at vaxymg speeds, eurrent systems use cursor control commands from a 
keypad or two slide controls. A new liapti-vocai" technique has also been proposed 
that would allow the individual to directly access the contents of the screen. With this 
technique a small pad which represents Se screen is located next to the user's 
keyboard. Whenever the individual touches the pad, the contents of the screen which 
correspond to the point on the pad which the individual touched would be spoken. 
The individual can "read" the screen by simply moving his hand across the pad, or by 
touching the pad with two f inge^ and spreading them to cdntrbl the rate of reading. 
Both of these techniques also have an "echo" mode that sHbws the information to be 
read back to the individual as he is typing i^ if this is desired. 

AVgi&ANeE OF MOUSE-BASED AND OTHER TNT ACCMsst^Uv^PRQ^RAMS 

At the present tim^ there is no good solution for blind infiividiials to the problem 
posed by mouse-base 1 Srb^ams, or other programs which do not have fixed or 
tactilely referenced liput techniques. At the present timc^ many of these programs 
have^ "nbn-mbi^ operating mode that permit their use. Many other programs and 
system^ however, are only partially accessible f rbm the keyboard, and require the use 
bf the mouse for at least some of their operation. Some variant on the hapti-vocal 
approach might be possible here. At the present time, hbwevex^ good solution 
strategies have not been developed that would allow blind individuals tb access mouse- 
based systems. 

PROBfcEMS AND LTKfTTATtONS OF T jffi^a^OVE^QLUTTQM STR ATEGTFS 

All of the solution strategies discussed invblve access tb the screen information. 
Phis must be done either through a modification or patch to the operating system, or 
direct access to the screen membry. In either case, it involves some physical or 
software modification or addition to the system. As such, it could nbt be used by 
disabled individuals tb access screen information on Se arbitraiy computers they will 
encounter in their environments, these strategies cbuld be used as mechanisms for 
accessing their own personal cbmputen. Their choice of personal computer^ hbwever, 
will be limited to the one or twb brands for which these software patches or memory 
access modifications are available. If access to this infdrmatibn cbuld be prbvided as 
a standard feature bn cbmputers, many of these limitations would be removed 

Some newer proposed approaches seek tb circumvent this access piroblem by direct 
interpretatibn bf the video image. Such a system would tap the video signal being seiit 
to the display monitor, and reconstruct the image in its bwn memory. The special 
device would then do character recognition and video interpretation on this videb 
image and translate it into braille br voice output Such a system would allow blind 
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individuals to use aiiy computer for which they had access to the video signat Some 
integrated computers, such as the Macintosh^ however^ do not currently jjrbvide ah 
external video signal. In addition, newer systems based on liquid crystal displays do 
not generate a video signal; thti^ nbiie is available from many of these computers. 

in addition to dif f icultia in getting access to the screen image in digital form, the 
above sblutioh strategies can also have difficulties with the actual contents on the 
scTRo. Windows and graphici are a problem. Icons are somewhat of a problem, but 
are more manageable than general bit-mapped graphic displays and complex window 
graphics. 

Graphic tactile displays can provide a partial solution to this problem. The very 
low resblutibh (54 x 128 pins or pixels) of these displays, however, is insufficient to 
represent the detailed graphic images of current systems (currently 640 x 400, with 
1024 X 1024 coming sb6h)t As the resolution of the displays increases, this problem will 
only get worse. In addition, the tactile displays are unable tb represent color, which is 
being used increasingly on these displaj^ Finall]^ the zast of these displays is very 
higb^ aiid the cost bf higher-resblutibh displays would be prohibitive. Some of these 
problems can be circumvented by using the graphic displays in a *'zbbm*' mbde, where 
the tactile display represents only a portion of the screen; a small movable window 
onto the screen, as it were. Another approach wbuld be tb have a small hand-held 
device the size of a gum or cigarette packag^ with movable pins under the user's . 
f iiigers. As the device was mbved arbuhd oh a table representing the screen, a tactile 
image of the cormponding portion of the screen would be presented tb the finger 
tips. Such a device might be termed a dynamic virtual haptic-tactile display. 

The advent of a virtual device interface standard between graphics prbgrams and 
the bperatiu^ system would assist in all of the above solution strategies. The fact that 
such an interface would allow standard programs tb be used with variable resolution 
displays would greatly facilitate the use of standard programs with the low resolution 
tactile displays. They cbuld be used in full screen mode tb get a general layout for the 
screen, and then zoomed into particular portions to provide higher resblutibh 
represeutatiohs. Such interfaces between the program and the display systems could 
also provide information to other special devices for the blind, which could then 
reinterpret the information and provide Jt to the blind person in a form more 
appropriate tb him (Braille^ vbice^ etc.). This will be particularly important as displays 
become more complex and are presented in fonts. In order for this interface standard 
tb be bf any value tb blind individuals, however, the information sent out from the 
program to the operating system will also need tb be made available butside bf the 
computer via some output port 



Fbr hearing impaired individuals, access to standard software is not currently a 
large problem. The auditory information from computers is mostly in the form bf 
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clicks or tones. Tfie largest problem for hearing impaired individuals is the potential 
problem what wUl come with more complex auditory signals and speech output from 
standard^ programs. Solution strategies for this area include: 

AMPLIFIER: For some individuals, the use of amplifier headphones may be all 
that b required This approach can provide a Idud^ clear signal without also 
amplifying background nbis^ Tb&^is a good technique for computers that have a 
headphone or external audio jack. This approach is hot viable oh computed that do 
not have built-in headphone jacks. Such jacks could be added on personal systems^ but 
even minor rewiring of general public computer systems b rarely allowed 

SOUND BETECfGR: For individuals who are deaf* a small sbUhd detector that 
converts clicks and tones into flashes of light can cover many of the "warning tones" 
produced by current programs. Siiice such a device can be made quite small and 
portable, it could be easily carried by the deaf individual and placed in front of the 
speaker of any computer he would encounter. This technique would nsi be able to 
easily differentiate between the different sounds that a system might generate. It also 
would iidt help with programs that generate speech. 

eONCURRENT DISPLAY OF INFORMATION ON SCREEN: When beeps are 
accompanied by a flash bh the screen, or spoken output is also displayed in visual 
form on the screen, they pose little or no barrier for hearing impaired individuals. 
Simple, straight-forward messages are best, however, since English is the second 
language for many deaf individuals (sigh language being the primary language). 

AtTERNATE DISPLAYS OF INFORMATION: For programs that do not 
provide display of the spoken ihfbrmatibh bn the screen, an alternate display could be 
used for visual display of the information. Such an alternate display cbiild be 
cohhected to the computer using a standard output port This would, however^ require 
that the program or the operating system provide this informatibh to the output port 

CQGNrnVE TMPAIRMKNTS 

This area is very broad, and difficult to discuss or approach cbhcretely. Often, the 
question is hot access tb standard softwar^ but rather designing standard software to 
be usable by individuals with cognitive or sensory prbcessing disabilities. This area is 
of primary cbhcern for software or information systems to be used in public locations 
or activities. 

Sbme bf the problems can, however, be partially addressed by the same access 
strategies discussed above. A person whb can see clearly but who cannot process 
printed infbrinatibh (e.g, a person with severe dyslexia) may be able to systems 
with little difficulty if he cbuld access the information auditorially, as a tid 
individual might Thus, the access ports provided for blind persohis may . be of 
value to such individuals. Similari^ individuals with short term memory pro c ems 
may find that the alternate visual display provided for deaf individuals would be 




easier to interpret, or may be necessary in order to refresh their memory as they 
perfona a task guided by computer-spoken instruction. 
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eOULB HAVE BEEN MADE MORE AeCESSTBtE 

The comments and suggestions in this section are made with an understanding of 
the complexity and competitiveness of the designing and marketing of microcomputer 
systems. Most of the suggestions are low-cost or nb-cbst in nature, although there may 
be initial costs to incorporate them into standard design procedures. It should be 
noted that all these proposed modifications increase the flexibility of the systems, 
and their utility :o non-disabled individuals (regular market) as well Further 
discussion of the benefits to the regular market is presented in the next section. 

The following recommended modifications are being suggested after consultation 
with researchers, consumers, and several manufacturers. It is expected that this set of 
modifications can be refined considerably through more extensive cooperative work 
with industry. In addition, solution strategies must still be explored for future 
interface aiid display technologies. 

KEYBOARb hPtlOWS 

An option in the keyboard routine or driver could allow the individual to adjust or 
defeat the KEY REPEAT FEATURE to avoid multiple keystrokes by individuals 
with motor impairments. 

For the SHIFT, eONTROL, and ALT keys, a hold/lock feature could be added to 
allow use of the keyboard by individuals who can use only one hand or one stylus. 
When this option was enabled, depressing the SHIFT key once would cause the next 
character to be shifted. The system would then revert to its unshifted state. 
Depressing the SHIFT key twice in a row could cause the system to lock into shifted 
mode until the SHIFT key was deprwscd a third time. This same HOLD/LOCk 
feature would be provided for other keys bh the keyboard as welt if programs appear 
on the market that require simultaneous depression of arbitrary keys on the keybbard, 
then it may be apprbpriate (and necessary) to allow the user to specify any keys on 
the keyboard as having this feature. This feature wbiild autbmatically turn itself off 
any time two non-adjacent keys were depressed simultaneously. In this way, the 
feature would automatically deactivate if an able-bbdied user came across a computer 
where a disabled user had forgotten to turn off the feature before leaving. 

ALTERNATE^'KEYBOARD'' ACCESS FEAItJRR 

This feature wbuld modify the current operating systems to that the operating 
system would check both the keyboard and a designated serial input port whenever z 
prbgram made a request for keyboard input. TCej^trokes^ received from either source 
would be treated identically. Thus, the operating system would make no distinction 
between input from the standard keyboard or from an alternate keyboard^ and the 
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program ivould be unable to tel! that the Tceystrokes^ from the alternate Tceyboard" 
did not come from the standard keyboard 

Since most keyboards have many more keys th can be supported by T^bit ASCII, 
fi special filter wdtild be applied to all data coming in from the alternate keyboard 
input serial port This filter would serve three purposes: 1) it would allow multiple 
keys to be Tield down simultaneduslj^*' 2) it would allow the user to "type^ keys that 
are not represented by the ASCII code; and ^ it would allow the *'time*' the key is held 
to bs transmitted (a requirement for some programsji A special standard has been 
developed to accomplish this. The standard uses 7-bit ASCII only as the input stream 
to the fiitei^ and toa Kcape sequences for non-ASCII keys^ the escape key^ and keys 
that are to be held down simultaneously. 

For s^tems that work on an interrtipt-based keyboard^ the serial port could cause 
the same interrupt as the keyboard. The operating sj^tem ^ Duld then look at both 
:he keyboard and the alternate input port for "keystrokes." If ah "alternate input** 
vector were tiscd, it would be po^ible to daisy chain any number of alternate inputs 
using different input interfaces. Whenever a hew alternate keyboard routine was 
loaded, it would capture the address of the vector oh the stack, and substitute its 
vector. When its acci^ routine was completed, it would th^n pass control on to the 
other input drivew. Howeven tiie keyboard a nd t lie4^an^ ;c a5ped keybS^rd emulating 
interface jnout drivers should be standard i n all copies of tirie^per atirig system, so that 
they will be prieseht in the operating systems of any computers wherever they appear 
(schobi, work, bant street comers, eta)L This is important since in most cases the user 
will hot have permission or the freedom to load the alternate keyboard driver into 
these public access computers. A single "alternate keyboard" input standard has been 
developed (termed the Iteyboard Emulating Interface Standard'^ and could be used by 
all disabled individuals. 

it has also been suggested that a separate "alternate access" cbhhector/pbrt might 
be included in future computer design. This would be particularly reasonable if 
widespread use of this were predicted by the regular market To avoid the higher 
costs of the serial connectors, a low-cost infra-red link mounted directly on the mother 
boari! was also mehtidhed 



As new input interfaces are developed, some alternate source mechanism similar to 
the keyboard emulating interface function should be provided to allow use of the 
systems by individuals who cannot use the particular input system (eg, mouse) 
provided. 




a^^NPrn^TE CTNTQUES AS 
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AttERNAtE VtPEO SIGNAL ALWAYS AVAttAM^ 

In order to aUow special display amplifiers and interpreters to easily tap into the 
video image^ z video connector s&ottid be provided whenever a video signal is 
available. 

AUKO eR HEABPHQNR StH NAL AVAILABLE 

Alt audio or headphone jack on the computer would facilitate the use of 
headphones and amplifiers for hearing impaired iiidividttai& 

EXTERNAL AVAILABTT IT V XIR INTORMATION SENT TO ^RRf l 

Any information sent to the screen could also be sent to a serial (or other) port in 
some standardized format (on request or continuously). This could be the same serial 
port as used for the keyboard emulating interface input This information could then 
be used for interpretation by a special personal •display" which the disabled 
individuals would have with them and could connect to the port This will be 
especiaiiy valuable when new information display cbinmunicatibn standards come 6u^ 
such as the VDL Any information sent to the operating system could also be sent to 
an output port so that it was available to other standard and special display devices 
for disabled individuals. 

VISUAL REPUNPANC^^ACJPrreRY INFORMATION 

All information that is available as sounds or speech could also be displayed on 
the screen. Since this will not always be practical^ the information could also be sent 
out on an access port, so that it could be displayed on a visual display that the deaf 
individual would carry. The access port could be the same one as is used for the 
keyboard emulating interface and blind interface. 

Atl^^NTE^KH^OGRAM^ LEFT FULLY OPEN IN NEW OPRRATTNa 

SYSTEMS AND ENVIRONMENTC 

When new operating systems are created that allow programs to pass data back 
and^rth as Tceystrbk^^^ care should be taken so that all Tceystrokes^ that are 
possible from the keyboard be producible and passable from one program to anothen 
Thjs would allow the use of a "special keyboard" program to control the rest of the 
computer^ operation. All key combination that can come from the keyboard, 
however, would need to be supported, including TIESET." This would allow a 
physically handicapped person to use a special program to act as an alternate 
keyboard routine to another program (in his own personal computer). Similarly, all 
output ^hlch is sent to the screen from a program should be capturable by a second 
program for interpretation and processing. This would allow a blind user to have a 
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program interpret the "videoT output of another concurrently running program in 
order to feed him the "video** information in some other fornl 

SIMPLIFY SQFTWARE BRSfeNEB FOR TOE IN PUBTJf! PI AC^ 

Software that appears in public places for use by a wide range of individuals can 
Im5 made visually, linguistically, and cognitively simpler to increase its usability by a 
larger portion of the population. 
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HOW THESE ACgggn^^fOPI^^ INGREASR TOE «SEfmNfe5l<5 

fASD^HKET SIZE) FeR NON- piSABLED USERS 
(REGULAR MARKFT OR^ffASS^^fAM^ 

in addition to increasing the usability of cbK»:>uter systems by disabled individuals, 
t&e above modifications also provide greater access to and usability of computer 
systems by non-disabled individuals, wEto represent the bulk of the market for these 
computers. la fact, many new interface strategies for regular users can be identified 
from the work done in the disability area. Some of the ^ays in which these 
modifications benefit the market size or utility by regular usck arc 

KEYBQARB nPTfO]^ 

This modification is not just for severely handicapped individuals. Any individual 
attemptihg to use the keyboard with one hand would find this useful This includes 
not only individuals who have only one hand, but also individuals who have only one 
hand frecL 

ALTERNATE 'TCEYROARB^AgCTSS FFATUI^B 

avaiiability of an alternate Tceyboard^ input point that was standardized 
wctkld greatly facilitate the connection of keyboard alternatives of all types. This 
could include voice recognition keyboards, special environmental keyboards for use in 
hostile industrial envjrdnmen or schools, eye-gaze keyboards, body-movement input 
systems, and large remote pointer kcfyboards such as might be used jn group 
ptMentatidns or group The availability of a standard alternate input interface 
across computers would allow manufacturers to develop a single piece of hardware 
that could be easily used with most any computer or comjputer model on the market 
it would also allow the use of specialty keyboards with all of the computers of a 
company (e.g, all IBM-PG family computers) even though their regular keyboards are 
incompatible At the present time, a separate mode! is required for each computer 
and each model of computer in a line. For example^ the Apple II and Apple He use 
different keyboards from each other, as do the IBM PC, the IBM PC-AT, and the 
IBM PCjr, making it difficult for both specialty manufacturers and the original 
manufacturere to create generally applicable specialty interfaces. 

The existence of a keyboard emulating interface on a computer would also allow 
the computer to be more easily controlled by or fed with information from another 
computer. 
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ALTERNAm^tmeE- CAPABIfciTY FQR Afct QTHF R iNPUt TECHNTOUES AS 
WEfcfc nVfOUSR ETd^l 

Again, this^allows manufacturers to develop alternate approaches for different 
applications. For example, the special optical pointer and head-tilt mice that have 
been developed for disabled individuals might provide 'liands-free" mouse operation 
for typists and other individaais who would like to have quick pointing capabilities on 
a screen, but who do not want to take their hands off the keyboard to operate a 
stan&rd mouse. Currently sach alternate "hands^f ree mice" must be developed 
individually for each different computer or computer modet 

ALtERN^^EO SIGNAL ALWAYS AVATT..mR 

The availability of a video connector allows users to use alternate display^., 
including large screen displays. It also allows the individual to record the images and 
mix them with other data or video signals when compatible. 



Availability of headphone jacks allows the use of voice output software in noisy 
environments, it would also allow the use of talking software in environments where 
terminals are placed in close proximity, where it would otherwise be impossible to tell 
whose computer was talking to whose. Finally, it allows for simplified recbrdik:g of * 
speech, music, and other auditory information that might Be generated by the 
computer programs. 

EXTERNAL AVAILABILITY OF INFORMATION SENT TO SCTE iK 

As the VDI or similar communication standards for video information being sent 
from a program to the operating system are developed, it would seem highly 
advantageous to provide this information to some externally available output port for 
general market use. This information could then be fed to higher-resolution displays 
or printers, or used as a method for compressed transmission of the video image across 
data links. This may be specially valuable when using sophisticated graphics 
packages oh portable computen having limited resolution displays. When an ordinary 
user is located at his workstation, he may wish to connect his low-resolutioh portable 
computer to a stationary system providing a larger and higher-resolution display. 

VISUAL REPWWAN^FWi^TOT^ 

Providing all auditory information in visual form would be asefiii both in high 
noise environments and in no-noise environments (libraries^ etc.). This would be 
especially true in public access environments where headphones would be subject to 
theft or vandalism. It would also be true of situations where the user had to move 
around freely, or could not wear headphones for other reasons. 
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Provision of fail keyboard data paths between programs would allow for more 
sophisticated systems in the future involving nesting programs. It also allows voice 
recognition software to be run in the same computer as the standard software and yet 
provide full access to the ke;^board functions for the user without having to be 
computer hardware specific 



SIMPLIFY SS FtWARE DBTGNED FOR USE IN PUBLIC PLACES 

Making public access software as simple to use as possible^ both visually and 
conceptually^ would increase its usability not only by individuals commonly 
categorized as -disabled,- but also for elderly individuals, travellers, children, and bi- 
lingual individuals, as well as anyone who may be unfamiliar with automated 
information systems. 
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FOTURE PeTENTTAliS AN D PROBLEMS 



it is difficult to look far into the future. It is quite likely that computers and 
information systems will take on new forms and become so integrated into our society 
that it is not easy to imagine or discuss them in currently available terms and 
conceptual frameworks. A few trends in the near future, however, caii be seen. These 
trends will provide even greater potential benefit to individuals with disabiiities. 
Development of effective techniques to ensure open access to these systems by 
individuals with disabilities, however, promises to be cfaailenging. 

One clear advantage stems from the fact that^ as more and more information is 
produced, transmitted, handled and used in electronic form, the current problems 
faced by individuals with physical and visual disabilities, involving the handling, 
production, and translation of the information into forms which they can use^ have 
the ]x>tential to be greatly reduced. The abHity of these individuais to affect the 
world around them, and to carry out many of their daily living activities (e.g^ 
shopping) on a remote basis, could also be increased, thus releasing more time for 
them to be able to pursue interests and travel more related to productive or social 
activity than daily maintenance. 

Some comments as to how the future may evolve, specifically in regard to 
computer access, are 

As new interfaces are developed that are more precisely tuned to utilize all of a 
normal person's physical capabilities^ we will find increasing problems faced by 
individuais who do not have full physical capabilities. As long as alternate^ albeit 
slower^ input access techniques are still supported, however this will only be a 
hindrance, and not a barrier. 

As systems get smaller and more integrated, we may find that some of the most 
advantageously small systems (especially for ambulatory individuals) may have few 
external input/output ports. Another problem that might arise in this regard is the 
development of integrated systems where a manufacturer designs the computer to 
work only with its own specially created peripherals. In some cases^ this may be done 
to close out competition for peripherals. In other cases, it may be done simply to 
provide a lower-cost overall 5^v$tem by using simpler^ lower-cost custom inter-unit 
communication formats. These could cause additional problems for disabled 
individuals if they are not considered. 

On the positive sid^ we are also likely to see a number of alternate interfaces 
become available. As the diversity of these interfaces increases, so will the pressure 
for a standardized interface. In addition, the various interfaces themselves may be 
directly usable by individuals with disabiiities. Voice inpu^ for example, is one 
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technique that has already appeared, and which wiil be improving steadily in the 
future, and is quite valuable to individuals with some types of disabilities. 

Another positive development is the expected separation of the programs and the 
inputA>utput hardware. As programs rely more and more on operating systems for 
their input and outpu^ the ability to provide alternate input and output mechanisms 
for disabled i^^dividuals which are compatible with standard software packages 
increases dramatically. 

VtSBALfcY fMPATREB 

The greatest concern here is the rapid increase in the visual complexity of the 
displays. As display technology increases, it is expected that even greater use of more 
visually detailed displays will be made. lii addition^ relatively low-cost 3-dimensibnal 
displays have already been developed and are being used in industry. Providing a 
mechanism to handle this type of information for a blind individual will certainly be 
challenging. This wili be Specially true if 3-dimensional mice or ''fingers** are 
developed to manipulate these images. 

On the positive side, as discussed above, the separation of the program and its 
display drivers for current and iuture display mechanisms promises to make these 
tasks at least somewhat easier. 

HEARING TMPAraRn 

Voice output is the largest problem here. As long as iilfdrmatidn is provided in 
visual form as well, however, this should not be a serious probiem. 

Aiso, as voice recognitiotl improves and comes down in cost over the next decade, 
deaf individuals may cany v6ice-tb-text translatoi^ with them as a standard practice, 
for use in ordinary cdnversatibn. 

OTOER NOTES 

Of benefit to all types of disabled individuals will be the decreasing size of the 
systems^ their increasing power, and their lower costs. As memory costs continue to 
plummet, even the smallest systems will have enough memory capability to handle 
inbre sophisticated operating systems, which can facilitate alternate access, multi- 
tasking and program nesting. As Ibng as alternate access pbin^ are provided in the 
arcfaitectur(^ the future for the disabled as it involves computers looks bright indeed 
This includes bbth the use bf the computers as special aids, and the increased access to 
the educational, work, and social environment components of our society by disabled 
individuals through standard computer systems. 
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A FINAL NOTK: 

When working on implementing new computer access strategic^ it is important to 

consult with someone who is familiar with the computer access problems of all of the 
disabled, to help ensure that an access strategy for one disability does not create 
access problems for other disabilities. For example, when curbcuts were originally 
installed, no thought was given to the ramifications for blind individuals. As a result^ 
many blind individuals found themselv^ standing in the middle of the street in 
traffic, because they or their seeing eye dogs did not find the curb that they used as an 
indicator that they had come to the end of the sidewalk and the beginning of the 
treet Different textures and specific contours are now provided with curbcuts to 
provide tactile indications of the curbcut for blind individuals. 

In other cases^ entire buildings have been made accessible - except for one 
oversight which rendered the rest of the modifications moot 

In developing and implementing computer access strategies, we must take care to 
be as f uiiy knowledgeable and informed as possible to avoid missing the one small but 
critical detail^ and to prevent creating a barrier for one disability while trying to 
remove one for another. 
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ACCESS TO COMPUTERS BY AT I. 



Comments prepared for the White House Planning Session on Computers and 

Handicapped Persons 

February 24, 1984 

Gregg C Vanderheiden 

Trace R&D Center^ University of 

Wisconsin 

THE NEr 3 

Computers are becoming aii integral part of bur educational systems, most 
employment situations not involving manual labor, and even daily life-banking, 
shopping, etc. 

As this occurs, the estimated 3-S million people unable to physically use these 
systems will be at an extreme disadvantage, t^ey may very likely be excluded from 
the regular education system and the work force. It is not economically feasible, nor 
in many casiKi even pbsstbie, to adapt the individual piec» or systems which will be 
encountered in the classroom or fob site. There are too many pieces of software, 
changing too rapidi]^ and the software is often proprietary or specific to the company 
cv appUcatibn. Physically adapting the cbmpttten or modifying them one at a time to 
meet each person^ individual disabilities is a siiniiarly unworkable solution, especially 
when the individual is likely to ran into a wide variety of computers. The one 
WPrkaWg SQlUtiOlMs to 11^^^ the abintV of iridivtdaals- reg a rdless of the disability: 
tQ^Poroach standard compntera and opera t ing systems as thev are ericbuhter ed.^ma 
be^bte^^Q^ operate them and their software packages as thev are fcand: 

THE MAIWFACnmERHS4:^NS^ 

We recognize that manufacturers canhbt af fbrd tb design their equipment to 
accbunt fbr the very wide variety of users who may encounter the equipment This 
does not apply just to the area bf disabilities, but tb all areas of computer use. The 
major computer hardware and software is targeted at the majority bf the market, with 
smaller firms or specialty hbuses handling additions or modifications necessary for 
other applications. About the largest concession that can be expected in the mass 
Edarket prbductibh and distribution of computers is to allow ports or access points in 
the architecture where special adaptatibns cbuld be attached. 

Bevond these minor, low-cost or no-cost considefatidns. i t is usually not reasbhabic 
for a manufacture^^ destCT^hanges for any smail group: lest a 

manufacturer lose its competitive edge in this extremely cbmpetitive field. 

^v^bttttibn^f fategy^ proposed should therefore involve very little or no 
incremental cost in the producrion and dis trib irtton of the individual computers, 
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operating systems, or software packages. Furthermore, it should not constrain the 
ability of computer and other information systems to grow and develop in widely 
diverse fashions. 

POSSIBLE SOLtmON STRATEGtRS 

Sin^ the ''computed as we know it is changing rapidly, as are both its input and 
output fonnSy no specific or describable solution strategies are going to be applicabie 
either across aii computer systems or for very long into the future. 

As a starting point for dtsctissio^ the foilowing guideline are presented, followed 
by several examples of how these guidelines could have been applied at low or no cost 
in the computer systems that exist today. Please not that in 4iianv cases^h^ 
lai PMtiQiis increase 4he^rtititv-^n^ computer for a l l indfvidaals 

(disabled or nondisabled) and therefore constitute enhancements of the computer and 
hot just accommodations. 

DESIGN GWDELINES FOR MAXTMIZING COMPUTER AT^HRSS 

1) Emphasis should pointy pdrts^ or Tipdks- onto 
which individuals requin^ forms can attach their aids 
or software routines. These may be hardware or purely software hooks (see 
examples). 

2) The philosophy is not to make the computers usable by all indtviduals with 
handicaps^ but rather to provide the access ix>ints to which the individuals can 
attach software or hardware modules needed for their use of the systems. 

3) jA^y modificatiqns^^^^ or operating system 
should be kept to an ateolute minimum (unless the accommodation increases 
the utility of the system for all usersji 

^ Where pbsssible, redundancy of input and output forms should be provided 
(e.g^ keyboard access to nibuse commandis, text or visual piarallel to voivce 
output, audible feedback paired with visual output). 

ILLUSTOATONS 

The attached illustrations show how the hardware of software operating systems 
of existing computers might be altered in simple and inexpensive ways in order to 
facilitate their use not only by individuals with disabiiities but by other people as well 
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ILLUSTRATTON 1; 

PEOPLE UNABLE TO I K E A CTA NDARD KETO OARft 
Pm^IGAI^TMITATTQNS 

A targe number of individuals are unable to use the standard keyboard on a 
computer due to a physical impairment This impairment may be a spinal cord injury, 
brain stem infarct or congenital physical disability. For these individuals, a number 
of aids or systems have been developed which can allow tfa^m to "type" by indicating 
the desired characters using specialized techniques. These techniques may involve 
only sipping and puffing on a tubi^ or the movement of the individual's eyes. 

Unfortunately^ it is not possible to use Visicalc, WordStar, or standard computer- 
aided instruction programs with thcsse aids, since these programs and the computers on 
which they run accept input only from the computer keyboard Thus, while the 
individiais can openite their own special rehabilitation aids, they are unable to use 
standard cbmputen or computer software. 

The solution that 2ias been developed to solve this problem presently Is to create a 
hs^dWare module which exactly imitate the electrical signals of the keyboard. With 
this lceylx>ard emulator," the cbmputePs existing keyboard is disconnected, and the 
emulator plugged in where the key is disconnected^ and the emulator plugged in where 
the keyboard used to be connected. The keyboard emulator is set up to access 
standard RS:^ serial ASCII, which the disabled individuars "special aid" is capable of 
sending. With ibu arrangement the individual can "type" using a sip-and-puf f switch, 
eye motions, or whatever is necessary, and have the selected characters fed to the 
computer exactly as if they were typed on the keyboard. 

Since the emulator exactly mimics the signals of the keyboard, it is impossible for 
the computer or the software to tell the difference between the individual using the 
aid and someone using the standard keyboard on the computer. Because it is 
impossible for the computer to "^ee" this modification, this type of modification is 
termed "transparent^ Because these techniques are fully transparent, the handicapped 
individual can run any standard software or use this computer in any way that any 
nondisabled person could control it from the keyboard. Any successful alternate 
input strategy must be transparent 

In order to allow the computer to also be used by nondisabled individuals, the 
keyboard emulators aiiow the original computer keyboard to be connected to thetXL 
The emulators then feed all keystrokes from the keyboard into the computer as well 
As a resui^ installation of a keyboard emulator in a computer in now way alters the 
usability of the computer or of its operating charactenstics to nondisabled users. In 
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fact^ except for tfie extra connector on the back of the computer, it is impossible fo;- a 
nondisabled user to tell that a keyboard emulator is installed in a computer (For 
computers such as the IBM PQ which have separate keyboards^ the eniiilatdr can 
simply be a box that is placed in line between the keyboard and the computer to 
provide a function, which feeds both the standard and special keyboard signals 
into the computer.) 

Although this adaptation provides totally transparent access to the computer, this 
approach has a number of shortcomings over the long haul Firsts as each hew 
computer is introduced, someone has to design a new keyboard emulator to mimic its 
signals. Even model changes (for example^ the Apple II and the Apple lie), if they 
change the keyboard electronics, require that a new keyboard emulator be designed 
With the proliferation of computers^ this problem is rapidly ihcreasihg. 

Second, in many esses the computer purchased by a school system for use in 
classes^ or which a cbmpahy may use in its various departments, may not be one of the 
few standard computers for which keyboard einuiatbrs have been designed. In 
addition, a handicapped individual may have to use multiple computers for different 
activities on the job^ or in different classrooms at school This would require that a 
keyboard emulator be purchased and installed for each of the different computers. In 
addition^ keyboard emulators are expensive, generally running ^00 to $400. 

A third problem is that many computers do*ndt lend themselves well to keyboard 
emulators. Size and space considerations in the compatei^ as well as the tendency in 
smaller computers to integrate the keyboard into the main circuit, make installations 
of keyboard emulatois difficult or impossible. 

A BETTER SOLUTION BASE^^SN MODlFlCATteN OF T HE OPERATING SYSTEM 

Keyboard emulator themselviRi are examples of "retrofitted" solutions. A simpler 

approach wouid be to have had a "transfer keyboard" fuhctibh built into the operating 
system initially. Although "transfer console" commands do exist in some operating 
systems, they are not sufficient since they also transfer the display function at the 
same time. If a "transfer keyboard to a serial port" command were available on the 
computer^ we would in fact have a built-in electronic "^eybbard emulator" function 
provided at no cost To handle the nonstandard (hbh-ASCII) keys, special escape 
sequencer or supra-ASCH codes (8-bit) could be used. 

If this capability were built into bp.^ratihg systems and used in the software 
development special keyboard emulator modules would not be required^ and 
handicapped individuals could, with their own special interface aids, access standard 
computers and software. 
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ABVANtAGE OF TOTS FFATURE TO THE GENER AL MARKFT 

in addition to providing accei» to individuals with disabilities^ this function could 
also be of great utility for nondisabled individuals. One use of this feature would be 
the inputting of data to a program from a second computer. At the present time, an 
increasing number of individuab have both a stationary workstation computer and a 
portable lap computer. With this **traxisfer keyboard*" function, individuals could 
prepare notes or work on their portable computer as they moved around, and, later, 
easily transfer the work to their other programs* By using the **transf er keyboard" 
commanci, the individuals could dump the contents of their portable computer into the 
serial port of the workstation cbmptiter and have the information "typed" directly into 
the particular application program desired In the futurie, some transfer capabilities 
may be built into specific programs as special capabilities. ihis capability already 
existed in the operating systems^ however, it would be available today; 

INCLUDING THESE CONSTDERATfONS IN FUTURE n PERATfNG^YgFEMS 

Future operating systems promise to provide these types of capabilities, or 
capabilities which are very close to them. It would be unfortunate4f these new 
caDabilittes^were^vefv^ dbs^ but n ot quit e sufficien ^te meet this need: 

Newer systems are also using new input modes such as the mbiise. To enable 
djsabled ^rsbns to use many of these systems, it will now be necessary to create 
**mouse emulators^ One such "mouse emulator^ is already under development, which 
will result in a totally hands-free mouse. Again, with some foresight in the design of 
the hardware and operating system which use mice, implementations of this techniqae 
could be facilitated, and i^ cost reduced. This type of approach would also have great 
advantage for noiidisabled typists^ providing them wit the quick editing capabiliti^ of 
the mous^ but allowing them to keep bo:h hands on the keys of the keyboard at the 
sdme time. It is quite conceivable to have a nondisabled person using a range of these 
techniques; for instance, using a rough pointing instrument such as a Ibhg-range 
lightpen attached to the head to do general text editing a mouse to do finer 
movements when drawing, and keyboard cursor commands to move the cursor one 
pixel at a time to fine*tune the mouse. This would provide a wider variety of use for 
the nondisabled user^ and more options for control for the disabled usen 
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PEOPLE UNABLR^TO^S E A^A^l^^RT^CREEN^ 
VKUAL IMPAIRMENTS 

£B£2StEM 

Blind iadividoals arc unable to see the screen of the computer monitor, and are 
therefore unable to use standard computer systems. Visually impaired individuals may 
have r«idual sight, but be unable to use the screens ia their standard size or 
configuration. Special displays or aids are often available to assist with both of these 
problems. Unfoitunately^taj^ or connections to the system to allow these individuals 
to access or use the information are generally not provided. Presented below is one 
FK>ssible aid for blind individuals which could provide them with access to most of the 
standard software. The design on one modern computer (the Macihtosh)^ however, 
removed a connection normally available (the video signal) and thus inadvertently cut 
off this approach. Special adaptations can be added to the Macintosh to allow a vfdeo 
connector to be added to any particular unit However, this docs hot address the 
problem of a blind or visually impaired indtvtduai walking up tc sa arbitrary 
Macintosh at school or the job site and trying to use it 

THE^enmeN strategy 

One approach to providing access to visual display screens is a Trfapti-Vbcal" CRT 
replacement The technique draws its names from the term Tiaptic," referring to the 
sense of position of the hand, and "vocal" from its voice output 

In u^ the blind individual has a small pad (similar to a pad of paper) lying on the 
table next to the computer, this pad essentially represents the CRT screen. When 
the individual touches the surfac^ the system responds by vocally telling the blind 
individual what is at that ynsint of the screen. The system can provide the information 
to the blind individual letter by letter or word by wordL the blind individual can 
cause the system to read the screen from that point on by simply touching two fingers 
to the tablet and spreading them. As he spreads his fingers, the system will begin 
reading at a rate proportionate to the distance between bis two fingers. In this 
fashion, he can easily control the rate of readihj^ as well as back up and reread. A 
tone mode allows the individual to quickly sran the page with his fingers^ identifying 
the layout in terms of columns and distinguishing between areas and numbers and 
areas of text T^e system can also be instructed to direct the individual to the cursor 
pc»ition,^dr to multiple cursors^ and to follow along, enunciating the information as 
the blind individual is typing at the keyboard In its basic operating mode, the system 
do^ndt handle graphics, but tonal modes can be used to assist the individual in 
"reading" some types of graphic information. In addition, extended ihteliigences in the 
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interface (see belbvv) can allow for the interpretation and -reading" of many types of 
standard business grapjbics. 

The new high resolution windowing software can also be handled by providing the 
system with the ability to handle various typ*^ fonts and through judicious placement 
of the windows by the blind individual. 

The hapti-vbcal CRT interface would work by tapping the video signal put out by 
the computer and creating a bit-mapped image of the screen in the hapti-vbcal 
adaptbr^ bwn memory* The tihit would then perform character/form recognition on 
the screen. Because of the digital nature bf the screen dispilay, this would be a 
considerably easier task tibtan opti^l character recognition of printed characters bn 
paper (where a primary difficulty is the irregularity of the fonts and the data drop-out 
from broken characters^ Computers with variable character fbnts and even icons can 
be easily handled, since each shape can be given a name. 

Since this CRT replacement wbuld cbntain its own memory and intelligence, the 
extent bf the graphic display which can be interpreted by the unit i^ open-ended. 
Through special electrbhics^ the system can also handle different jastbr frequencies to 
allow it to grab imag^ from nonstandard terminals such as the IBM monochrome 
display and the Macihtbsh. 

THE PROBLEM WmTO ^ SOLUTTON 

This approach wbiild essentially be usable with any system for which the video 
signal was accessible, the signal may be in any of several different fbrm^ including 
composite videb br separated synch format For most compute^ this is not a 
problem, as the monitors are either .'ieparate (allowing access tb the isighals), or a video 
cbnnectbr is provided. Go the Macintosh, faoweve^ the screen is built in, and no 
external video signals are currently available except bn very specially configured 
versions (the Cohrac Macs) which have composite video out (although there are plans 
for an external videb signal bn future Macintoshes). 

ADVANTAGES OF THE irEA T U RE TO THE GENERAL MARKCT 

If a connector had been provided^ br when bne is provided, bh the Macintosh 
(with any f brm of the video signals on itX it would not only enable access fbr the 
above technique (and fbr video expahsibh techniques for low vision) but would also 
have allowed the nbndisabled users to connect alternate mbnitbrs^ br tb use special 
peripherals which require video signal processing. 

One such peripheral would be a special hands-free mbiise, which would allow 
individuals full use of the mouse capabilities of the Macintosh while leaving bbth 
hands on the home keys. This special mouse emulatbf could be used with any existing 
Macintosh and plugged in parallel with the existing mouse (so that both would be 
active)L It would function in a completely transparent fashion, thus providing the 
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special hands^free mouse capabiiity to any text processing applications where it was 
useful, in addition to allowing the use of the mouse for ftne-grain graphics work. It 
would require no modifications of any kind to the operating system or the hardware 
of the Macintosh. 

Unfortunately, the technique does require access to the video signal Provisiou of 
the video signal for access for blind individuals would thus also have provided the 
signal necessary for this special high-speed text processing accessory for nondisabled 
individuals. 



This technique addresses the use of CRT-based systems. The ability to grab a 
screen image from non-CRT displays, however, will need to be addressed as newer 
display technologies receive wider application. Eventually, a very high resolution 
direct screen scanning optical system may be required 
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iLLUSTRAtfONSf 

PEOPLE WiTH HEARING T TMlTAt T ONS UNABLE TO RESPON D TO SPECIAL 
PRQBLEM 

At %e present tim^ i£ere are not serious problems to access to computers by 
individuals who are deaf. This could change if current trends toward speech output 
and eiaborate tone signalling continue. At present, simple visual indicators which 
light up when a tone is emitted can be placed near the speakers of the computer to 
detect beeps or other sounds. As more sophisticated systems and programs using 
speech output are produced, faowevex; this technique may not be sufficient for the full 
and effective use of such systems. 

soLimoNgraAtRnv 

The nlutioti strategy would be simply to have any information which is presented 
aiiditbrially be also printed visually, either concurrently or as an option. 

APVACTAGES OF THE FEA-nmi^FOR^IE^ENERAI^MARfre^ 

First; a Very large portion of our current population is hard of hearing, and would 
directly benefit from this option. 

In addition, redundant pr(NMihtatibh of auditory information has the potential of 
greatly increasing the effectiveness of cbminunicatibii for persons without hearing 
impairments as well as proidding acc»L Computer terminals may often be operated 
in environments which are noisy enough that it is difficult to hear vocal output or in 
environments where a computer which is. constantly talking would be an annoyance. 
In both these cases^ the ability to turn off the voice and have visual only, or a 
combination of auditory and visual, would be of benefit 
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Not all of the needs of disabled individuals can be met with simple modifications 
or adaptation to the hardware and software. There will always be individuals and 
situations which require more extensive considerations. Howeven a verv large portion 
of the tjroblems currently faced bv disabled indjv i ^ uals could b e addressed with low- 
or no^cost cha n In addition, if those developing the software systems are aware of 
the types of pro^rems faced^ and the adaptations which would be of benefit then an 
ever-increasing portion of these problems can be avoided completely. This is 
ahalbgbus to simply informing the people who are going to pour the curbs what 
curbcuts are and what their utility would be before they pour all of the curbs, rather 
than afterwards. 

In addition, taking these problems into cbhsideratibh can lead to a better design 
and more effective software, a more friendly interface or a more flexible architecture. 
Curbctits^ for ezainplt^ have benefited not only disabled individuals, but also people on 
bicycira, older persons with carts, parents with stroller^ and delivery persons. Again, 
for instance, in National Airport there is one hall where one half of the hallway has 6 
steps and the other is a ramp (both of equal width). The majority of the people 
walking down the hall use the ramp. 



• Simple inexpensive considerations in the design of hardware and software can 
allow alternate access strategies to be effective for the 3-5 million people who have 
difficulty with standard I/O. 

The only way to incorporate these cbhsideratibhs intb the design of both hardware 
and software earl)^ when they will be most effective, is through direct cbbperation by 
the companies developing new computers and operating systems. 



FINAL REMARKS 
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OCTOBER. MEETTNa 

OF THE 

GbVERNMENt/INDIJ<^\^4NmATP ^ ^^ COMPU TED ACCESStRtf lTV 
B^lNl>mm>ALS WITH DtSAmrTTES 

Co-chairpersons: 

Lawrence Scadden, Ph D. 
Electronic Industries Foundation 

Gregg Vanderheiden, Ph.D. 
Trace R&D Center, Waisman Center 
University of Wisconsin 
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TisrrRODUCTTON 

This was the second formal meeting of computer Industry representatives on this 
project. The first meeting was at the White House on February 24, 1984. The objective 
of the first meeting was to Auniliarize the companies with the problem and to soUcit 
their support for a cooperative effort to addri^ the problem. The result of the first 
meeting was a recognition of the problem, and a requ«t by the manufacturers for more 
information about the typ« of disabilities, the resulting barriers to the use of standard 
computer, and the types and scope of the solution strategies that the manufacturers 
were beiiig asked to consider. 

Subsequent to the meeting in February at the White House, briefings were held with 
manufacturers, and a White Paper was developed, distributed for comment, and revised 
and distributed in prepaniibh for this second meeting (copy attached). 

The second meeting (reported here) was held on October 24-25, 1985. It consisted 
of a one and one-half day work session foildwed by a reporting session at the Rayburn 
Building on Capitol Hill. 

Computer firms .represented included Apple, AT&t» Digital Equipment Corp^ 



Hewlett Packard, Honeywell, IBM, and Tandy (Radio Shack). 



ATTENDANCE 

Attending the conference were: 



Alan Brightman, Ph.b. 
Deane B. Blazie 



Maryland Computer Services^ Inc. 

Arch. & Transport. Barrier Compliance Board 

IBM 



Apple Computer 



Erank Bowe. Ph.D. 



Carl Brown 
Albert Cavalier, Ph.D. 
Fraiik Fitzgerald 
Joan Forman 
Richard R)ulds, Ph.b. 

Guy ifommer 

David N. Henderson 
Alton Hodges, Ph.D. 
Charles Hunt 
Neil Jacpbsbn 
I^niel Kl^day 
JamR McCormick 

Bob MHb 

John Patterson, Ph.D. 
Arthur Rasmussen 
Martha. Redden, Ph.D. 
Baity Romich 



Trace R&D Center-Uniyersity of Wisconsin 
Amer. Assoc. for the Advancement of Science 
Prentke Romich Company 



Tiifts New England Medical Center 
yeteratls Adininistratibn _ 
Discovery Data SysteixiSi Inc. 
OSERS-Departme^^ of Education 
Honeywell Corporation 
C^and, CA 

General Services Administration 
ATST 

Electronic Industries Foundation 
T^ndy Corporation 



Digital Equipment CiDrpbration 



Association foi^Reterded Citizens 
Honeywell Corporation 
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Noel Rim^^ 

Lawrence :Scaddeh^ Ph.D.* 
Joseph Sheltpn 
Joseph Traub, 

Gregg Vanderheiden, Ph.D.* 
Bin Woods 



Taikfaig Tablet, Inc^ 
Electronic Industries Foundation 
ApplcLCbmpuier, Inc. 

Natl. Inst of Handicapped Research (DOE) 
Trace R&D Center-University of Wisconsin 
Hewlett Packard Company 



* co-chairmen 

The purpose of this second meeting was to gather the now more thbrbughly briefed 
industry^ government, and research and disablUty representative to deHne the problem 
both from the consumer and manu^cturer points of view, aiid to develop strategies for 
further ef^rts in this area. 



Discussions during the day and a half session centered around: 

- Prbblesl identification 

* Potential sblutibh strategid^ for existing s^^tems 

* Constraints of manufacturers 

- Practicality of different types of sblutibh strategies 

- ^^o within the ffls^ needs to be aware bf the prbblems and 

tiie^lution strategi^^ 

- Mechanlsna for moving information to those individuals within the 
_comKMmies 

* llie form that this information should ^e 

- The type bf suppbrt that the manufacturers need from the field 

- Development bf a specific actibh plan with working groups 



1. Thft primary j 



act the hext^heration of comnnters 



Although the prbblems disabled people face with existing computers were used to 
higidight the problems faced by disabled persons^ it was agreed by all that the primary 
impact of this committee wbuld hbt be bn the existing computers which were already in 
manufacture, but oh the next and future generations of computers. It was not felt that 
this excluded support of adapmtions to existing computers; hbweVer^ the shbrt lifetime 
of computers and the rapid pace bf advaxicement indicated that the real efforts should be 
directed tbward preventing the problems in future designs, rather than playing catch-up. 

2. The focus of tHiih group's work Shbuld be on future integration rather than retrofit 
adaptation 

The committee felt that the Focus bf the standard manufacturers* efforts should be 
bn ihtegratibh of acc^s ideas into the mass market products, rather thaii developing 
adaptations to current or future products. The committee felt that adapting the 
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cbmpater equipment was better left to the special rehabilitation manuracturers and was 
not an area in which the mass market m^ufacturen could be particularly effective, 
other than ihrbugh cooperation. However, the incorporation of "hooks* or points withiii 
die standard computers* architecture where special adaptations could be connected was 
identified as a very important area for contribution by standard computer manufacturers. 
One specialty rehabilitation manufacturer ^d that their products could be brought out 
in one-fourth the time and at one-third the cost if connection points were provided or 
existing connection points were documented. It was also pointed out that these 
cdnnectibn pbin^ would be of tremendous benefit to third-party software manuracturers 
for the non-dlsabied, mass market as well* and would solve many of the problems 
currently faced by that market. 

3, The source of most barriers-to^sabled users is lack ef k hoWiedge bv the design team: 

From the discussion, it was clear that many of the barriers which exist were due 
simply to lack of awareness. Some manufacturer representatives repdrjted that they 
would be recommending changes to pending designs immediately, based upon 
inTormatibn presented at the meeting. The manufacturer representatives stressed the 
need to develop strategies for education of their industry. 

4, The current architecture trend is in the right directio n, but mtist b e in ^n^m^ 

It was felt that the current direction in which both hard\i^e and software design is 
headed is generally the correct direction For ^klng computer more accessible to 
disabled persons, the need to ensure that the designers are aware of some of the 
current barriers f^ced by disabled persons^ however, was seen as great, in order to 
prevent systems that are almost accessible du/.... An example might be a s^tem that 
allowed input from any one of a number of input sources, except that the initial boot or 
reset procedure required that the individual operate the standard keyboard or depress 
several keys concurrently on the standard keyboard in order to start Sie process. 

5, Own architecture is greatly beneTtcial^lb^evetennieht of sbecia H >e«onal aids fnr 
disabled persons, but do^ not solve the pfoblem of general ac c ess^Q^emHrtefs^n^t^ 
school^ob and gnmmnnitv: 

Open architecture is of tremendous value in allowing computers to be used as 
building blocks in aids for disabled persons. The open architecture ^llom special 
adaptations and software to be developed for the computer to meet the special needs of 
disabled persons (e.g., a communication aid, a braille translator^ etc.). The problem 
being addressed by this committee^ however, is the ability of a disabled person to come 
up to any of the many computers that will be encountered in schools, jobs, and 
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cbmmumties in the near future, and to use any and aii of these computers. Although 
this is not a pressing problem at the present time, since computers are only beginning to 
be integrated into these envirbhmehts:^ it will not be long before it wlli be impossible to 
participate effectiveiy in any of these environments unless the individual has the ability 
to use the computers and software as they are founds to do assignments, conduct 
experiinents^ carry but educational computer-based "experiences," take tests, complete 
qu^tibimaire^, acc^ company da^ conduct bank transactions, place orders, and even 
locate bii3ine»« or individuals in buildings with cotnputer*based directbries in tlieir 
lobbies. 

6, An "alternate access tSNOrt" would solve ma ny brbbl e ms. but bbs e s many brbb tems^ 
implementation , 

If aU cdmputers and infbrmatibn prbcessing systems had an "alternate access port" on 
them that was standard or semi-standard, disabled individuals would be able to easily 
connect their specialized input and display devices to them and use them. In addition, 
the non-disabled, mass market v/ould alsb be able tb use this pbrt for connecting 
specialized keyboards, alternate data entry devices, and alter^te displays. Problems in 
impiementatibn exist, however. These include increased hardware cost unless the 
standard sc^rial port is used; tying up the serial port if it is used; stahdardizatibn of 
ronnat within cbmputer cbmpani^ as well as across computer companies; cost concerns 
on small dedicated-function sij^tems such as information or point-of-sale transacdon; 
and environment considerations in outdoor placements. 

7. The scope of the nfoblem^buld ^ limit e d tb comput e r systems for t he present. 

The cbmmittee felt that the discussion should initiaiiy focus just on microcomputers, 
and tb some extent stand-alone computer terminals. It was felt that the micrbcbmputers 
should be addressed first, and computer terminals being addressed second^ before 
attempts were ihade tb tackle issues such as automatic teller machines, dedicated 
information systems in shopping centera or buiiding Iobbi«, computer controlled 
applianc» and other appUoitions where the part of the system with which the user 
interfaced did not resemble a micrbcbmputer. It wis felt that there was a continuum 
extending from micrbcbmputers tb microwave ovens and toasten, but that the committee 
would only focus on the top portion initially and spin off reports for terminals and 
design of other devices would follbw at a later time. 
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a . Thg PringjPal bbiegttv^Fthis overaii effort shoald be to inform and stinbQr^to>v 
people within the mamifaeturing^omnanies: 

It was the unanimotis opinion of the committee that the only mechanism for ensuring 

that the d^ign of standard microcbmputers wbuld allow more widespread access by 

disabled persons was to make those people responsible for the design of the computers 

aware of the importance of specific design aspects and their impact oil the usability of 

the computers by individuals having various types of disabiliti^. Thus the primary 

fuflction of this effort should be to provide information and support to the key people 

responsible for the design. The principle audience of this effort should be 

1) the design requirement people within the corporation. 

2) the design engineers themselves. 

3) the human facton deslgnen. 

4) the supervisors and management for the design team. 

5) the corporate strategy personnel. 

6) software design personnel. 

7) operating system design development pei^onnel. 

it was felt that two types of docuinentatibn were required, one for top-level 
personnel to demonstrate need and establish the priority, and a second level necessary 
for those on the implementation level to make them aware of the specifics of the 
problems as well as of possible solution strategies. 

g, Multiple strategies should be used in getting the inforitiatm n in to the compahv. 

it felt that multiple media should be used^ including both video and print 
materials. All materials should be kept short. Live presentations or short coui^es would 
be most useful for the companies. It was suggested that a subcommittee be formed to 
conduct presentations within the company. This group would come to the company, 
spend a couple of days with videotapes, live demonstrations and discussions with key 
pcrsbimel within the company, and then leave papew and guidelines with the company 
personnel. Other strategies for dissemination of the information discussed were: 

- presen^tioiB at meetings that key corporation personnel normally 
attend, including i£l£ meetings, EIA meetings, etc; 
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- articles within BYTE ihagazine cbiild be used for jsenexal field 

awareiij^, and to reach individuals within the companies who may be 
inter^ted but not contacted thr other means; 

- builetn^ boards Jor sharing idc^ as well as programs that demonstrate 

the problem may also be helpful. 



In all of the above formats, it ws felt that two-stage materials were the most xisefuU 
where Stage 1 consisted of a very short presentation of the key concepts and Stage 2 
provided more in-depth discussion for th^e who ^i^ted additional information. 

10, A Set^Qf guidelines should be dftvelooed and made avallah l e to design ers withm the 
cemeames. 

Th^ guideiin» should be developed as a group effort between manufacturers, 
researchers and consumers. The guidelines would include discussions of the disabilities, 
the problems faced as a result of specific computer features, potential future problem 
areas. Ideas as to p^ible solution strategies, general guidelines, user requirements^ and 
any standard, approaches that may exist or already be in use for solving the problems. 
The fbllbwing are some of the comments and recommendations that were made by 
committee members with regard to the development of the guidelines. Not all of these 
comment are completely consistent with each other. 

- Recdminendatidns should be specific. 

- There should be a short list of giiidelini^ with the rationale separated. 

- The im(»cj on the non-dis^^ ma^ market should be included (both 

postdye jmd negative impact if any). 

- The problem should be de»crited, not just a solution. Better solutions 

may be developed by the designer^ aisq, if designers don*t know the 
problem they may not solve it in implementing the proposed solution, 
may create the same problem someplace else, or may create a new 
problem in implementing the sblutibn for an old problem. 

- D^igners ran be an extremely valuable resource in developing solution 

strategic. 

- Keep the guidelines short. If the guidelines are long, they wbn*t be 

read. 

- Ljst bnly the most important recommendations; keep the list short. 

- List everything^ sb that as many recommendations as possible can be 

implemented (also gives a better bverall picture to the designers). 

- Prio^ritiw the^ problems and recbmmendatibns. 

- Sepiffate them by di^bjUty. 

- Rank or rate tfaek impormnce ud imp 

- Separate the finished reconunendatioiB from any unsolved problems or 

initial ideas that mayl be in the write-ups. 

- Cite similar prbblems faced by able-bodied usen for each problem of 

disabled persbxis. 

- Break into diff(Sient ^tegories by whb it affects (e.g., the industrial 

design people, the operating system staff, etc.). 
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- Create twa docamente, one for top-level personnel and one for the 
.Implementation personneh 

- Ci^te a vid^^pe to go with the document to famijiari^ the designers 

with disabilities^ the problems, and existing solation strategies. 

- Aim at the human factors d^Migner. 

• Develop three levels of dixumeiitatidii: 1) the executive summary, 2) 

engineering docum^ 3) ddcumentatibn for t^ support 
personnel (it would al^ be helpful for rehabilitation personnel to be 
available who can field auctions of designers). 

• Provide data to back up Mncl^ions md priorities (market issue). 

• Write I'ecbmmendatibns in an easy, non-confronmtional form (similar to 

the White Paper). 

- Separate the design considerations from di^riptions of special 

_ j^P^Uf^^tions that can be made te the computers post-manufacture. 

- Be^surejo point ou^t what it for the manufacturers, including 1) 

mass m^ket impact,^^^^^ market, 3) any multiplier 

effects, and 4) ^e public relations aspects. 
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Some of the discussion topics which were mentioned during the meetirg as topics 
and examples that might be included in the Guidelines inciud^* 

POTENTIAL "GUIDELINE" DISCUSSION TOPIC AREAS 



- Visiral redun of auditory infbrmatidn for deaf and hearing impaired 

^^Wd^s; 

- Open arcfaijecture — i^ ^n^POitan^ by disabled persons. 

- Design of Jiands-bff interfac^; 

- AlternaUs interface oDonection point on computers. 

- Standard or weU-documenied keyboard interface. 

- Simple or autO'^Idading disk drive. 

- Copy ptpteetion implications for disabled individuals. 

- (^e-finger opeiatio^^ for computers. 

- Location and design o^^ switches and knobs. 

- Size utd v^ud con^t of letters on Iceys. 

- Keyboard reassignabiHty. 

- Tactile nitiMf oh home ke^ for v&ualiy impaired users; 
Access to video and auditory signals. 

- Importance of additional serial port(s). 

- Importance of detachable keyboard or auxiliai-y keyboard connection point. 

- Important of documented structure for memory resident programs. 

- Connection point in <3pei^ting system for routines to inject "keystrokes" and tap 

systena output. 

- Software design guSdelin^ 

- Hooks into the application software 

- Simple featured in tixe software - 

- Standard ways of doing thin^ 

^ Keys (second way when using mouse, etc.) 
• Flow cdiitrol 

- 6ui(teiin^{br voice rec^^ 

- Alternate method for getting non-screen*based feedback (beeps and LEDs) 

41. Combahies need access^o^rehabilitation exnerte: 

The manufacturers discussed problems they have had in securing good iiirorihatidh 
from the rehabilitation community. The ihfbrinatibii is often distributed throughout the 
rehabilitation community without a good mechanism for tapping it; Opinions often 
differ and are contradictory. Hie manufacturer would like answers from people who 
are technirally, clinically, and commercially knowledgeable and sensitive, so that options 
and trade-offs are more carefully thought through. A directory or reference/referral 
listing of resources and expert working in different areas would be useful. 

1 2. Rehabilitation developers need a mechanism to get technical infor mation frnm 
companies. 

Rehabilitation developen expressed concern over difficulty in getting technical 
information from the companies. The difficulty results in greatly increased costs and 
time for development. Information is often availabie to private sector developers, but 
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not availablel to the rehabilitatibh commonity since they caonot demonstrate volume sales 
necessary to qualify within normal developer support relationships of the computer 
companl^. The industry representatives acknowledged the potential for such a problem, 
and said that they would woric toward a solution. They stressed that the solution would 
be quite different for Mch company. To facili^te the process, they asked that the type 
of information needed be Identified. They suggested the possibility of developing a 
manual with particular inforinatioh of interest to the disabled and refaabtlitation 
community. Other ideas discussed included: 



- setting up a mechanism to screen casual rehabilitatibh developers and 

have their questions handled by br_thrbugh more informed 
rehabiUtation^R^r^ This would reduce the number of 

repedd^ requ^ mde to th^^ industry as well as reduce 

the number of casual developed w^^ iu»^ mor« extensive t^ 
training to be able to understand the documentation provided from 
the mahufacturers. 

- have c^minuuel identify cbmmbhly asked questions and get help from 

rehabilitation groups in developing answers. 

- pqt j^mmonly f eNju^^ the future standard technical 

reference manuals that are normally put out by the companies. 
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The meeting resulted in four major actions. Each involved the deveiopmeht of a mechanism 
for cairyiiig forward the activities initiated by the committee. They were: 

1) A wQrkiriR groub was established to idehtifvr^eFine. apd docuTnent id^as and guideiines 
for the design of Standard compu^era to Increase their a ccessibijitv bv disab1e<;i and non-d!sab1ed 
Cfificlfi^ A group was formed, a chairperson appdintedt and the agenda for the group 
established. The initial working group will consist of (in alphabetical order): 



Dc^ Blazie I^vid Henderson Jaines McCbrmick Lawrence Scadden 

Frank Bowe Charles Hunt John Patterson Gregg Vahderheiden 

Carl Brown Neil Jacobsqn Martha Redden (chair) 

Rick Fouids Daniel Maday Barry Romich Bill Woods 



The group will be open to any researchers, manuracturefs, and consumers who want to work 
with the group. The objective of this cooperative industry-rehab group will be to develop 
materials for industry that can be used to improve the design of computers so that they will be 
ttsabie by a larger portion of the population, the primary focus of the committee will be on 
the development of the design guidelines. These will include infornuitioh regarding the 
disabilities and their impact, the specific problems currently encountered, future anticipated 
problem areas, and existing or suggested design strategies as they are identified, this effort 
will be coordinated out of the trace RSD Center at the University of Wisconsin*Madison. 

2fcHeghanismb were established for moving this infor mation to the designgrs and design 
decision makers within the com puter manufacture It was emphasized by the industry 
participants that these mechanisms would be quite different for each computer company. No 
lihifdrm mechanism will be established, therefore across companies. Rather, the individual 
industry participants committed to working within their compaiiies in developing and 
coordinating these mechanisms, the first exercise of these mechanisms will be in conjunction 
with the review and refinement of the "guidelines" documents from Activity 1. 

3) A group was named to^e^ iip a system for compahie s-fe b o abl e to a ceesih information 
from the rehabtHtatibh conimiyjnjfVj Dr. Martha Redden from the program on the Handicapped 
in Science of the AAAS will head a group that includes Joan Forman, DEC; Dr. Lawrence 
Scadden, EIF; and Dr. Gregg Vanderheiden, trace, this group will develop a resource list and 
mechanism for identifyiiig individuals within the rehabilitation community who can act as 
resources to the computer industry in various areas. 
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4) The establishment of mechanisms for rehabilitatio n develdpers to more easitv^ccess 
technical information from the comouter industry. Each of the participating mahufacturei^ will 
be identifying a key person within their companies to act as the contact point for requests of 
this type. Initially the membeii of the committee will serve in this capacity. Members will also 
be exploring srtechanisms within their companies to make it easier for rehabilitation developers 
and manuracttirers to secure needed technical information. 



For further information, contact: 



^wrence &^den 
Eiectromc Indtetria Foundation 
1991 Pennsylvania Avenue NW 
Suite 700 

Washington, DC 20006 
(general information) 



Pf. Gregg_yanderheiden 

Trace R&D Center 

Univei^ity of Wisconsin- Madisbti 

ISOO Highland Avenue 

Madison, Wi^37b5 

(general information, the guidelines 

subcommittee) 
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